AD=A114 591

UNCLASSIFIED

INTERNATIONAL LAKE ERIE REGULATION STUDY BOARD 1372
LAKE ERIE WATER LEVEL STUDY. APPENDIX 6. RECREATIONAL BEACNES A--EYCIU)




.

ll22

o
=
i

“Iﬂg— vl
= 4

"m TN =

= L&

i2S s pis

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU Of STANDARDS 1963-A




Lake Erie

B Water
. Level Study

w available to DTIC does not
puiait fally logible ropioducton

DNC FILE CoPY

ELECTE
MAY 1 9 982 F '

H

> P E RN WA 'ﬂ’b

- !"*’ ~"’§

2 Lo - qu} W(, -,au-»
L= B R Y - 8

'eational Beaches and Boating
W‘,

Approved for public releass;
Distdbution Unlimited

International Lake Ene Regulation Study Board
International Joint Commission
July 1981




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




Lebe

SECURITY CLASSIFICATIU UF THIS PAGE (When Date Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE . pEpiEAD INSTRUCTIONS
|. REPORT NUMBER 2, GOVT ACCESSION NO.| 3. RECIPIENT’S CATALOG NUMBER *
BD-A//y ﬁ/
4. TITLE (and Subtitle’ 4 S. TYPE OF REPORT & PERIOD COVERED

Lake Erie Water Level Study, Appendix G,

Recreational Beaches and Boating Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(s)
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

International Lake Erie Regulation Study Board

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
U.S. Army Engineer District, Buffalo July 1981
1776 Niagara Street 13, NUMBER OF PAGES
Buffalo, N.Y. 14207 : 262

T4. MONITORING AGENCY NAME & ADDRESS(/{ different from Controlling Oftice) 15. SECURITY CLASS. (of thie report)

L 4

1Sa. DECLDASSIEF|CATION7 DOWNGRADING

16. DISTRIBUTION STATEMENT (of this Report) «

=%
O &

Distribution Unlimited

>
17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report, % “"ﬁ
0"

- »

18. SUPPL.EMENTARY NOTES B e

{

‘ -

|
]

!

19. KEY WORDS (Continue on reverss alde il necessary and identily by block nbmbder) e

Beaches, Recreational Boating, Lake Regulation, Water Levels, Great Lakes
L3

PP

AﬁﬁNACYW an reverse iy H necossary axd identify by block manber)

The Recreational Beaches and Boating Appendix describes the effects of
limited regulation of Lake Erie on recreational beaches and boating in the
lower Great Lakes-St. Lawrence River system,

This evaluation was limited to Lakes Erle and Ontario and part of the St.
Lawrence River where the impact was expected to be greatest and due to time

(continued on reverse side

DD oy 1473 zomow oF 1 ov 6313 OBSOLETE

SECURITY CLASSIFICATION GF TMIS PAGE (When Neta Ertered)

and funding constraints, Also, due to these constraints, the study of the g;';




o SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) . ‘-

20, ‘%ffects on recreational boating was confined only to United States
waters,

Limited regulation of Lake Erie would have the effect of lowering the waten
level of that lake and those upstream. As a result, there would be losses
to recreational boating, with the losses dependent upon the amount of

lowering. At the same time, recreational beaches would benefit due to ;
increases in beach area. ; 4

v
o
P
[ 4

...1.5‘,01‘ - ‘ 4
m|rs eRA
pric Al
Wnaameunoed a
Jussiticarinn_ ..
st “—M :'
PPt o b 1
pratpitut’ o/ I
[ Avmi) ' . Codes |
— ,f- Lui/of

pri =g -lal

KECIIMTY &1 ASRIFICATION AF TUIE DARE Whan Nare Pacd
L RATE e




Yy 1 [P
R ,.,'!."’&W,_”_& S ] IR g L

APPENDIX G
RECREATIONAL BEACHES AND BOATING

LAKE ERIE REGULATION STUDY
REPORT
TO THE
INTERNATIONAL JOINT COMMISSION
BY THE
INTERNATIONAL LAKE ERIE REGULATION
STUDY BOARD
(UNDER THE REFERENCE OF 21 FEBRUARY 1977)

JULY 1981




|
l
]
SYNOPSIS %

" The Recreational Beaches and Boating Appendix describes the effects of
limited regulation of Lake Erie on recreational beaches and boating in the !
lower Great Lakes-St. Lawrence River system, %

i Limited regulation of Lake Erie would require increasing the outflow during

periods of above-average water supplies to the upper Great Lakes, i.e., Lakes i

Superior and Michigan-Huron. The purpose is to Tower the extreme high water é
levels on Lake Erie so as to reduce shoreline flood and erosion damages. ;
Regulation plans for limited regulation of Lake Erie were developed and H
tested over the period 1900-1976. The effects of limited regulation of Lake ‘
Erie were identified by comparing the water levels and outflows that would :
have occurred under regulated conditions, with the water levels and outflows i
under present Lake Erie outlet conditions. The effects were expressed in i
monetary terms for a project life of 50 years. I

A1l losses and benefits were based on July 1979 price levels, using an
interest rate of 8-1/2 percent. The study was limited to Lakes Erie and
Ontario and part of the St. Lawrence River where the impact was expected to be
greatest and due to time and funding constraints. Also, due to these
constraints, the study of the effects on recreational boating was confined
only to United States waters. i

Limited regulation of Lake Erie would have the effect of lowering the water 3
level of that lake and those upstream. As a result, there would be losses
to recreational boating, with the losses dependent upon the amount of
lTowering. Overall, the losses in terms of present value would range from {
$5 million for Plan 6L to about $36 million for Plan 25N. At the same time,
recreational beaches would benefit due to increases in beach area. The com-
bined benefits in terms of present value to Canada and the United States
would range from about $9 million for Plan 6L to about $71 million for

Plan 25N.

COVER PHOTO: Aerial view of marina and beach at Bayfield, Ontario
on Lake Huron, May 27, 1978. Norman A. Rukavina.
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Section 1 :
INTRODUCTION
1.1 General

As a result of a reconmendation in the International Joint Commission's
1976 Report to the Governments of Canada and the United States, entitled
"Further Regulation of the Great Lakes," the Governments issued on
February 21, 1977 a reference to the International Joint Commission (IJC).
Pursuant to this reference, the Commission established the International
Lake Erie Regulation Study Board. The Commission directed the Board to
undertake a study to determine possibilities for lowering extremely high
water levels by limited regulation of Lake Erie, taking into account the
applicable Orders of Approval of the Commission and the recommendations of
the Canada-Quebec study of flow regulation in the Montreal region. As part
of the study, the Board examined a broad spectrum of regulation-related
economic, social, and environmental effects of limited regulation throughout
the Great Lakes Basin, including the International and Canadian Reaches of
the St. Lawrence River.

Any modification to the outflows of Lake Erie would affect a portion of
the supply of water to Lake Ontario and, to some extent, affect the levels
and outflows of the upper Great Lakes. In this regard, the Board evaluated
three regulation categories. Categories 1 and 2 consider Lake Erie regula- {
tion constrained by the present Orders of Approval and channel limitations of
the St. Lawrence River. Category 3 considers channel modifications and/or
remedial measures in the St. Lawrence River to accommodate regulation of
Lakes Erie and Ontario. A more detailed description of the three regulation
categories is prasented in Appendix A, Lake Regulation. The Commission
further directed that if the Board finds that new or altered regulatory works
or other measures would be practical, it should estimate their costs, and the
effects, whether beneficial or adverse, on the various interests. The
interests included those evaluated economically (coastal zone, commercial
navigation, hydroelectric power, and recreational beaches and boating) or
environmentally (water quality, wildlife/wetlands, and fish). The economic
evaluation of the effects of Timited regulation of Lake Erie on recreational 1
beaches and boating interests is the subject of this Appendix. 1

The customary (British) units of measurements are used in this appendix.
A British to Metric conversion factor table is contained in Annex A.

1.2 Scope

In order to evaluate the effects of Timited regulation of Lake Erie on
recreational beaches and boating interests, the regime of water levels and
flows pertinent to the investigation were defined. A description of the
level and flow characteristics evaluated is contained in Section 2. Sections
3 and 4 describe in detail the evaluations of beaches and boating,
respectively. Included in the description are the assumptions and equations
used in the evaluation methodologies.

G-1




The geographic scope of the evaluations was limited to the lower Great
Lakes and their connecting rivers because of time and funding constraints.
The study area extended from Port Huron, Michigan-Sarnia, Ontario, to the
New York State-Province of Quebec border; an area containing Lakes St. Clair,
Erie, and Ontario, and the St. Clair, Detroit, Niagara, and St. Lawrence
Rivers.

All data used during the evaluations, including contributory reports,
are filed at the following agencies in Canada and the United States:

Water Planning and Management Branch
Inland Waters Directorate
Environment Canada

P.0. Box 5050

Burlington, Ontario, Canada L7R 4A6

Buffalo District

U.S. Army Corps of Engineers
1776 Niagara Street

Buffalo, New York, USA 14207

1.3 Study Organization

The Working Committee, established by the International Lake Erie
Regulation Study Board, created several subcommittees to evaluate the impacts
that would result from lTimited regulation of Lake Erie. Although considered
part of the Environmental Effects Subcommittee throughout the Study, the
recreational beaches and boating group functioned as a separate entity since
its evaluations were quantitative rather than qualitative as for the other
"environmental” groups (water quality, wildlife/wetlands, and fish). The
recreational group was comprised of personnel from the U.S. Army Corps of
Engineers, the Ontario Ministry of Natural Resources, and Canadian Department
of Fisheries and Oceans. A list of participants is contained in Annex B.

1.4 Prior Studies

The International Great Lakes Levels Board (IGLLB) Study included the
evaluation of recreational beaches and boating. Appendix D ~ Fish, Wildlife,
and Recreation, dated December 7, 1973, of the IGLLB Study contains a
description of the evaluation. The information contained in the IGLLB report
was used wherever applicable in the Lake Erie Regulation Study. Much of the
background data, however, is no longer available and it was therefore
necessary to undertake an inventory of beaches and boating facilities. The
inventory was along the U.S. shoreline only, since Canadian beach data was
readily available and Canadian boating data, although not available, was not
collected because of financial constraints. Because of the lack of Canadian
boating data, no attempt was made in this study to evaluate possible impacts
on this interest.




Section 2

REGULATION PLAN EFFECTS ON WATER LEVELS/FLOWS IN THE
LOWER GREAT LAKES

2.1 General

The basis-of-comparison and all three regulation plans (25N, 15S, and
6L) have the potential for affecting the long-term annual mean water level,
the extreme high and low water levels as well as their frequency of
occurrence and duration, and the long-term water level fluctuation range and,
thereby, would affect recreational activities.

v v e . ———— e . s —

2.2 Basis-of-Comparison

' The basis-of-comparison and adjusted basis-of-comparison represent the
, water levels and outflows that the Great Lakes would have experienced for the
! study period 1900-1976 under certain assumed conditions. They also portray
' water levels which could occur in the future if the Great Lakes were to
experience supplies similar to those received during the period 1900-1976.
The basis-of-comparison levels, therefore, are distinctly different from the
historical 1900-1976 water levels. They are anticipated future levels
forming a basis from which deviations caused by the regulation plan could be
measured and evaluated. The historical conditions which occurred during the
77-year period have been used only as indicators of how recent conditions
have shaped the existing environment.

Appendix A, Lake Regulation, and Section 3 of the Main Report provide
detailed descriptions of the development of the basis-of-comparison and
adjusted basis-of-comparison. Table G-1 is a summary of the hydrologic
evaluation of Lake Erie regulation plans.

Limited regulation of Lake Erie would require construction of regulatory
works near the head of the Niagara River. These works would be operated, when
required, to permit additional Lake Erie outflows. Their capacities range
from low, such as Plan 6L which uses the Black Rock Lock, to high, such as
Plan 25N which uses the Niagara River structure.

2.3 Lakes Erie and St. Clair
2.3.1 Plan 25N

Plan 25N would require a control structure in the Niagara River that
would provide an additional outflow capacity of 25,000 cfs. Plan 25N would
lower the mean level of Lake Erie by about 7 inches. It would have the most
dramatic effect of all the plans on water levels. The plan would increase
the frequency of occurrence of low levels (569.7 feet and below). The plan
would also reduce the frequency of high levels but would not produce any
noticeable changes in the seasonal water level pattern.

Wt . Al ! v— . —— -
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Table G-1 - Summary of Hydrologic Evaluation of
Lake Erie Regulation Plans

Basis-of- : :
Comparison : Plan 6L : Plan 15S Plan 25N
LAKE SUPERIOR : :
Mean :  600.44  : 600.43 . 600.41 600.37
Max imum :  601.93 : 601.93 . 601.93 601.93
Minimum :  598.69 : 598.68 . 598.65 598. 62
Range : 3.24 : 3.25 3.28 3.3
LAKES MICHIGAN-HURON : : '
Mean . 578.27 : 518.24 : 578.18 578.05
Maximum : 581.15 : 6581.09 : 580.99 580.75
Mi nimum . 575.47 : 575.45 . 575.42 575.36
Range : 5.68 : 5.64 5.57 5.39
LAKE ERIE : :
Mean . 570.76 : 570.67 : 570.53 570.17
Max imum . 573.60 : 573.45 : 573.18 572.53
Minimum . 568.09 : 568.07 : 568.02 567.84
Range , 5.51 : 5.38 5.16 4.69
LAKE ONTARIO - Cat. 1 : : ,
(with deviation)
Mean T 288.61 : 264.64 -  244.65 244.63
Max imum . 247.37 : 247.39 : 247.56 247.50
Minimum . 281.81 : 241.74 : 241.59 241.38
Range : 5.56 :  5.65 - 5.97 6.12
LAKE ONTARIO - Cat. 2 : : :
Mean . 204.61 : 244.66 : 244.69 244.71
Max imum . 247.37  : 247.34 i 247.42 247.45
Mi nimum . 281.81 : 242.08 : 242.12 242.21
Range : 5.56 :  5.30 5.30 5.24
T RdJ-BOC : Plan 6L PTan 155  PTan 25N
LAKE ONTARIO - Cat. 3 : : :
Mean : 208.63  : 288.64 :  244.65 244.67
Max imum . 286.77 : 246.79 : 246.84 246.83
Minimum . 242.38  : 242.32 : 242.34 242.47
Range : 4.39 : 4.47 4.50 4,36
G-4
-t w;ﬂ‘\.ﬁ-i;‘ S




For the high water period (1971 to 1976) the plan would reduce the Lake
Erie mean level averaged for those years by about 12 inches and the maximum
June mean level also by about 12 inches. During the low water period
(1961-1966) this plan would lower the mean level for Lake Erie by 4 inches j
and the minimum February mean level also by 4 inches. The duration of low 1
water periods would be increased. l

On Lake St. Clair, Plan 25N would lower the mean level by 5 inches. For
the Tow water years (1961 to 1966) the plan would reduce the Lake St. Clair
mean level for the period by about 3 inches. 15

2.3.2 Plan 155

Plan 155 would require a Black Rock Canal-Squaw Island Diversion Channel ¥
structure to increase the outflow capacity by about 10,000 cfs. Plan 15§ {
would Tower the Lake Erie mean level by about 3 inches. During the high !
water period (1971-1976) this plan would reduce the Lake Erie mean level for
, the period by about 4 inches and the maximum June level by about 5 inches.

: It would reduce the frequency of occurrence of high levels but it would also
§ increase the frequency of occurrence of low levels. During low water years
! (1961-1966) the plan would lower the Lake Erie mean and minimum levels by
about 2 inches. For Lake St. Clair, the long-term mean level would be
lowered by about 2 inches.

2.3.3 Plan 6L

Plan 6L would require modifications to the existing Black Rock
Navigation Lock to provide the outflow capacity of- about 4,000 cfs. Plan 6L
would lower the Lake Erie mean level by about 1 inch. There would be slight
changes in the frequency of occurrence of high and low water levels.

2.4 Lake Ontario

On Lake Ontario, the long-term mean water level would not change much
under Category 1. For Category 2 plans, they would be increased slightly.
Compared to the adjusted basis-of-comparison, Category 3 plans would also
raise slightly the mean level. All three plans would increase the frequency
of occurrence of high levels. All plans under Category 1 would lower the
1 minimum water levels, an effect which was particularly noticeable during the
' extended low period (1961-1966). The long-term fluctuation range would be
increased slightly for all plans under Category 1.
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Section 3
BEACHES

3.1 Introduction
3.1.1 Study Area

The study area encompassed the shoreline of the lower Great Lakes and
connecting channels from Port Huron, Michigan-Sarnia, Ontario, downstream to
Cornwall, Ontario-Massena, NY, on the St. Lawrence River. Figure G-1 shows
the reaches or shoreline segments along Lakes St. Clair, Erie, and Ontario,
and the St. Clair, Detroit, Niagara, and St. Lawrence Rivers. The Canadian
reaches correspond to the boundaries of the administrative districts of the
Ontario Ministry of Natural Resources on a lake-by-lake basis. For the
United States, the reaches are the same as those used by the International
Great Lakes Levels Board (IGLLB).

A significance test was made to ascertain whether there would be any
impacts of regulation on the Canadian beaches of Lake Huron. Although test
results indicate that the impacts would be significant (Annex C), these
beaches were not included due to time and financial constraints of the study.

Beaches along the Canadian portion of the St. Lawrence River were not
included since accurate water level data by beach were not available.

3.1.2 Existing Conditions

Approximately 80 miles, or 4 percent of shoreline in the study area, are
publicly accessible recreation beaches (U.S.: 27 percent; Canada: 73
percent). Many of these beaches are of high quality and provide a wide range
of recreational beach activities. Some examples include: Rondeau, Long
Point, and Sandbanks in Canada and Hamlin (New York), Presque Isle
(Pennsylvania), and Cedar Point (Ohio), in the United States.

A summary of beach physical characteristics is presented in Table G-2.
Lake St. Clair, including St. Clair River beaches, contains 1.3 miles (U.S.
63 percent, Canada 37 percent). Lake Erie, including Detroit and Upper
Niagara River beaches, contain 43 miles (U.S. 38 percent, Canada 62 percent).
Lake Ontario, including the Lower Niagara River beaches, 34 miles (U.S. 12
percent, Canada 88 percent), and St. Lawrence River beaches 3.8 miles (U.S.
17 percent, Canada 83 percent). Beach areas were determined using long-term
seasonal mean water levels under basis-of-comparison conditions.

G-6
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Table G-2 - Beaches in the Study Area

Beaches
: Length Area &/
Waterbody : Reach (feet) (sq. feet)
Lake St. Clair (includes
St. Clair River)
Canada ;Chatham (Lst.C) 4,462
United States Sagg; : 0 0
H ;2,575 298,800
: T 238,500
Total 17,037
Lake Erie (includes Detroit : :
River & Upper Niagara River):
Canada iChatham (LE)  : 55,406
‘Aylmer Do13,an
:Simcoe : 31,409
:Nfagara (LE) : 39,809
Subtota! : : TR0, 095
United States 1R003 i 1,004 143,200
:3001 . 1,010 193,800
:3002 ;8,696 838,400
:3003 + 30,032 2,955,900
:383: s 42,674 5,0;6,100
:R . 2,020 298,600
Subtotal : : B5.5%6 : T,506,000
Total : : 75,621
Lake Ontario {includes Lower : ;
Niagara River)
Canada ‘Niagara River(LO): 15,533
:Cambridge : 15,800
:Maple : 46,468
:Lindsey 0) : 19,762
:Napanee (LO : 58,226
_ Subtotal : : T55.789
United States ;R005 ; 0 0
:2001 ;4,608 420,000
:2002 ;5,130 717,300
12003 : 6,096 730,500
:gggg : 4,524 426,400
: : 1,537 72,100
Subtotal : : ZLLBE9 : 7,366,300
Total : : 177688
St. Lawrence River :
Canada ;Napanee {SLR) : 3,510
iBrookville T 4,494
:Cornwall : 8,771
Subtotal : : .
United States 1R006 ;1,07 62,200
:ROg; H 0 1]
:RO : 2,40 332,200
Subtotal : : 3a1 BT
Total : : W
Study Area ;
Canada : ;3721

United States
Total

: 113,475
: 430,59

: 12,565,500

1/ areas for Canadian beaches were not determined
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3.2 Evaluation Procedure
3.2.1 General

Recreational beach opportunities were determined, and benefits or losses
resulting from regulation were calculated by comparing projected recreational
beach use.

Swimming is an activity indicator for beach use. The amount of this
activity was based on dry beach area converted to recreational beach
opportunities. Beach area, then, is the measure that is affected by fluc-
tuating water levels. Changes in lake level due to regulation would result
in c?anges in beach area which can be converted to changes in opportunities
available.

A basic assumption of this study is that no benefit or loss will occur
if the additional recreational beach supply due to regulation is not needed
to satisfy projected use. That is, if supply resulting from regulation is
greater than supply without regulation then benefit due to regulation will
occur; if the former is equal to the latter, then there is no effect; or, if
the former is less than the latter, then a loss results due to that regula-
tion scheme.

Each unit of supply is expressed in monetary terms, hence benefits or
losses resulting from the regulation plans are expressed in dollars.

3.2.2 Supply

In general, supply is calculated by multiplying the number of days which
are available for swimming by the number of people which can be physically
accommodated on a beach in any one day. This calculation makes no allowance
for the presence or absence of support facilities such as parking spaces or
concessions, nor does it reflect varying quality of experience; the only
study variable is beach area as affected by changes in water level.

The formula used to determine supply is:

Supply = area of space X turnover number of X Peaking
PPLY beach standard rate suitable days factor

Supply is expressed in opportunities (the number of specified oppor-
tunities of an activity provided by a facility over a time period is equal to
the number of occasions that the facility can accommodate).

Selection of Canadicn Reacheg: The Canadian beach survey, called the
Ontario Recreation Supply Inventory (ORSI), makes certain selections as to
which beaches are actually measured.

The survey included a questionnaire which was to be completed for all
beaches used for swimming and sunbathing open to the general public on a

G-9




daily basis, or part of private clubs, youth camps, resorts, or other commer-
cial accommodation establishments. Only those beaches having all of the
following characteristics were to be inventoried:

1. There must be a wet beach at least 5 metres wide (to a depth of 1.5
metres, i.e., 5 feet);

2. the wet beach material must be sand, gravel, or smooth rock;

3. there must be some backshore presently usable by swimmers. The
backshore does not necessarily have to be sand; and

4. the beach must be accessible by land or by publicly-available boat
(e.g., Toronto Islands). This means that all beaches accessible only by pri-
vate boat are to be excluded.

On rare occasions, it was impossible to record all information on a
single activity site questionnaire; e.g., two swimming areas, one with a wet
beach of sand, another with a wet beach of gravel. In such cases, a second
beach questionnaire was required. However, such situations were the
exception, not the rule. The average backshore and wet beach widths were
taken. If a width criterion was the only difference, two questionnaires were
not necessary.

Regarding the access criterion, only those beach areas within 400 metres
(1/4 mile) of driveable road access were inventoried (i.e., a beach length
that is 400 metr . beyond a road was excluded). This limit was chosen
because most people are not willing to walk more than 400 metres from their
transportation to engage in beach activities.

Within the study area, this circumstance occurred 10 times; eight in
Roudeau Provincial Park and twice in Point Pelee National Park representing
2.7 percent of the total number of beaches surveyed.

Beach length is provided accurately by the inventory. Width, of course,
varies with a change in water level. The width measurement used is also pro-
vided by ORSI, but is, unfortunately, grouped into width classes. Table G-3
shows the distribution of width classes by waterbody. The midpoint of the
class was used as a substitute for the actual measurement.

G-10
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Table G-3 - Distribution of Canadian Beach Width Classes by Lake
and Interconnecting Channel

: Number of Beaches Per Width Class
:Less: : : : : :Percent
:than: : : : :Greaer . of
Waterbody : 5m :5-10m:10-20m:20-40m:40-80m:th.a 80m:Total: Total
Lake St. Clair P 8: 6: 9 : 1 : - : 3 :23: 6.2
(includes St. Clair : : : : : : :
River) :
Lake Erie t21: 19: 40 : 17 : 19 : 10 : 126 : 33.8
(includes Detroit and: : : : : : : :
Upper Niagara River) :
Lake Ontario 238: 57: 38 : 19 : 14 : 4 :170 : 45.6
includes Lower : : : : : : : :
Niagara River) : : :
St. Lawrence River : 2: 13: 20 : 13 : 5 1 : 54 : 14.5
Total 165: 95: 107 : 50 : 38 : 18 : 373 : 100.0

Slope is assumed to be constant for individual beaches. ORSI provided
the data to calculate the slope which was then used to convert changes in
water level into the area of beach exposed or flooded. This is the wet beach
measure that is the area between the shoreline and the 1.5 metre (5 feet)
water depth contour line.

Selection of United States Beaches: The United States beach survey was
performed by the Midwest Research Institute and included all beaches in the
Lower Great Lakes study area--both those available for public use and those
that were limited to private membership, for example, religious organizations
and clubs. Only the publicly accessible beaches, however, were considered in
the study results including private beaches open to the public for a fee;
state, city, and local parks; as well as, beaches available to residents of a
particular town or village. For the United States beaches, full length and
width measurements were taken, regardless of how far the extremity of the
beach was from the nearest access road.

Area of Beach: In Canada, beach length and width were provided by ORSI.
The data used for this study were collected from 1974 to 1979.

In the United States, lengths, widths, wet beach slopes, and dry beach
slopes were measured, and beach areas determined. The time and day of these
measurements were recorded and the closest gag2 reading was noted.
Measurements and statistics by reach are presented in Annex D.

Space Standard: This factor is a measure of the space required to
accommodate individuals on a beach. It varies depending on the type of

G-11
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experience that is intunded. The standard used for this study is one person
per 100 ft.<, This standard has been adopted by the Ontario Ministry of
Natural Resources for beaches in natural environment class provincial parks.
A similar standard is used by several other jurisdictions across North
America, including the Water Resources Council, and therefore is thought to
be reasonable for this study. While tending to be conservative, the standard
is appropriate given the range of intensities of beach use across the study
area.

Turnmover Rate: This factor is the number of times that the same area of
beach can provide an opportunity of recreation in a day. It is calculated by
dividing the total daily attendance by the peak instantaneous attendance.

The rate used was 1.2 and is consistent with ORSI and current provincial park
standards as supported by recent park visitor surveys and the standards used
by the Corps of Engineers in U. S. beach studies.

Number of Suitable Days+ 1he number of days suitable for swimming
varies from month to monfﬁfdepending on the number of days in the month and
the probability of cloud cover, precipitation, and suitable water and air
temperatures. The Tourism and Outdoor Recreation Climate of Ontario was the
source of the data used for determining the number of suitable days in
Canada. Suitable days calculations are by reach and are consistent with
observed recreational practices (Table G-4). The number of suitable days
also defines the limits of the beach use season from May to September
inclusive.

Peaking Factor: The peaking factor is used in the supply equation to
adjust the number of available opportunities by known or estimated use
patterns. This adjustment is necessary for comparing the total number of
opportunities in a given month of recreational use with the projected use.

In Canada, this factor is called the institutional constraint factor.
Institutional constraint accounts for the fact that beach supply is not
equally available to all people every day of the week due to "institutional"
influences such as the conventional work day and work week. It has the
effect of leveling out the fluctuation of actual supply which occurs in a
week due to these constraints.

The Institutional Cons“raint Factor (k) takes into consideration the
peaking in recreational use caused by such constraints as: the days of the
week people normally have off, statutory holidays, No Sunday hunting laws,
etc., and, therefore, recognizes the fact that the supply of recreational
opportunities is not always equally available throughout the week. In
general, it has been found that for those facilities and resources which are
local, and, therefore, readily accessible by foot or by bicycle, and for
those facilities and resources used on an extended trip basis, K will have a
value approaching 1.0. On the other hand, those facilities and resources
which are regional in nature, require the use of a car as a means of
transportation to the site, and are considered to be day-use recreation
areas, will have a relatively low value for K.

G-12
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Table G-4 - Number of Days Suitable for Month
(Canadian Suitable Days)
- Administrative Park : : : : : :
District/Reach (Beach) :May:June:July:August:September: Total
Chatham/Lake : Windsor :5.7:14.5:19.0: 19.1 : 12.7 : 71.0
St. Clair : : : : : :
Chatham/Lake : Point Pelee :4.3:14.9:19.3; 19.4 : 13.0 : 70.9
Erie : : : : : :
: Rondeau Park  :3.7:13.8:19.0: 18.8 : 11.3 : 66.6
Aylmer : Port Stanley  :3.8:14.1:18.6: 18.3 : 10.3 : 65.1
Simcoe : Long Point Park :1.5:12.6:18.9: 18.7 : 9.8 : 61.5
Niagara/Lake Erie : Rock Point Park :2.0:13.3:18.7: 18.1 : 9.3 : 6l.4
Lake Erie Avg. : 65.1
Niagara/Lake : Niagara Falls :4.6:14.5:18.6: 17.3 : 10.6 : 65.6
Ontario : : : : : :
: Niagara-on-the- :3.4:12,7:18.8: 16.7 : 9.4 61.0
: Lake : : : : :
Cambridge : Hamilton $3.2:12.2:18.7: 16.4 : 8.9 : 59.4
Maple : Toronto Island :1.2: 9.6:17.3: 15.5 : 6.5 50.1
| Lindsay : Cobourg :1.3:10.0:17.6: 15.1 : 6.4 : 50.4
Napanee/Lake : Trenton 12.2: 9.6:17.3: 15.7 : 6.6 : 51.4
i Ontario : o : : :
. : Qutlet Beach :1.0: 8.8:17.1: 14.7 : 5.5 47.1
i : Park : : : : :
i Lake Ontario £5.0
| Average
Napanee/St. : Kingston :2.4:11.0:17.5: 15.8 : 6.9 : 53.6
Lawrence Rvr. : : : : : :
: Brockville :4.5:12.8:17.9: 16.0 : 7.9 : 59.1
l . H . . . .
! Cornwall : Morrisburg :3.9:13.1:17.8: 15.7 : 7.8 58.3
: Cornwall :4.0:13.0:17.6: 15.7 : 7.8 : 58.1
St. Lawrence 57.3
River Avg.




The basis for K is the comparison of attendance for a particular day of
the week with the attendance on the peak day of the week (usually Sunday).
If all attendance were evenly distributed throughout the week, K would equal
1.0. If all attendance were to occur on a particular day, K would equal
0.14. The following procedure was followed to determine K:

1. The average attendance for each day of the week based on the normal
operating season attendance records was determined;

2. the average daily attendance, for each of the 7 days, was divided by
the highest average daily attendance (usually Sunday), producing a “Daily K"
for each day of the week;

3. the sum of the "Daily K's," divided by 7, is equal to K.

Table G-6 shows the Institutional Constraint Factors for Canadian
reaches. Details of the calculations are given in Annex E.

Actual attendance records for U.S. beaches are not available so that an
equivalent institutional constraint factor could not be calculated. A factor
was developed for the United States supply equation which provides similar
results. It is an established fact that most recreational use occurs on
weekends, and summer holidays. With limited use of beaches on weekdays, a
change in beach area caused by lake level regulation would have little effect
at these times. Thus, it was assumed that benefits can be attained only on
peak days when the existing, available beach is entirely used (see
Table G-5).

Table G-5 - Peak Days Per Month for U.S. Supply Equation

:  No. Days : No. Weekend : . Peak Days/
Month : in Month : Days/Month : Holidays : Month
May 31 8.9 1 9.9 1/
June i 30 2 8.6 ; - ; 8.6
July ; 31 ; 8.9 ; 1 ; 9.9
August ; 31 i 8.9 ; - i 8.9
September ; 30 ; 8.6 ; 1 ; . 9.6

1/ Peak days are defined as weekend days and holidays. Thus, the number of
peak days in May is 2/7 X 31 = 8.9 + Memorial Day (1) = 9.9 days.

Weather Influence Factor: Of course, not all of the peak days will draw
peak crowds. Rain, cold, and windy conditions and other weather phenomena
will reduce the number of peak day crowds.




b

Table G-6 - Institutional Constraint Factor by Reach by Month

Administrative : : : :
District/Reach Park May : June : July : August : September
Chatham/Lake : Holiday Beach : .302 : .237 : .273 : .277 : .332
St. Clair : : : : :
: Wheatley :.292 : .229 : .257 : .318 .264
: Rondeau : .303 : .261 : .487 : .400 .519
Aylmer : J. S. Pearce* :
; Port Bruce*
: Iroquois Beach : .279 : .143 : .283 : .324 .320
Simcoe : Long Point . .280 : .237 : .316 : .313 .303
: selkirk : 285 : .215 : 271 & .327 .274
Niagara/Lake : Rock Point : .283 : .256 : .252 : .353 .434
Erie : : : : :
Niagara/Lake
Ontario*
Cambridge : Bronte Creek : .234 : .226 : .294 : .316 .306
Maple* : : :
Lindsay : Darlington  : .300 : .204 : .349 : .319 .394
Napanee/Lake : Presquile . .829 : .233 : .330 :  .360 .324
Ontario : : : : :
. North Beach  : .345 : .350 : .404 : .386 .405
; Sandbanks* : : :
: OQutlet Beach : .289 : .277 : .357 : .387 .467
Napanee/St. : .
Lawrence*
Brockville*
Cornwall*

¥ No data avaiTable.




—— -

! ¢
'
t

The Canadian element of the Lake Erie Regulation Study had conducted an
extensive study of the number of days that peak crowds can be expected. This
previous research utilizes variables such as average air temperature, percent
of sunshine days, and water temperature in estimating peak days. Utilizing
the Canadian Report, comparable weather influence factors were selected for
aggregate reaches in the study area.2/ Essentially, the number of days
available for swimming in Canadian reaches adjacent to U.S. reaches were
averaged. One day was added to the average number of days available per
month for U.S. aggregate reaches (generally the U.S. reaches are south of
Canadian reaches and would, thus, have slightly warmer air temperatures); the
U.S. number of swimming days available was then converted to a factor for use
in the supply equation (percent of the month available for swimming).
weg%heg ;nfluence factors for U.S. and Canadian reaches are given in
Table G-7.

These data are from Provincial park surveys. Much of the data used in
this study are from this source since this is the most reliable data
available uniformly across the study area.

Considering all of the above parameters, supply at a given water level
for a beach in a typical reach would, for example, be calculated as follows:

length = 325 ft.

width = 100 ft.

space standard = 100 ft2/person

turnover rate = 1.2

days available in June for swimming = 14.1 days
peaking factor = 0.143

supply = (32,500 ftz) x (person/100 ft2) x 1.2 x 14.1 x 0.143
= 786 opportunities

Thus, this beach provides 786 opportunities of swimming in June.

1/ "The Effects of Proposed Lake Level Regulation on Beach Recreation Along
the Lower Great Lakes," Lake Erie Level Regulation Study, 12 October 1979
(Canadian Government).
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Table G~7 - Weather Influence Factor (by Reach)
for U.S. Portion
~(anadian Values :  Selected U.S. Values
_ : Mean : Percent of : Mean : Percent of
‘ : No. of :  Month : No. of :  Month
3 Aggregate Reaches : Days/Month : (factor) : Days/Month : (factor)
= RO08 and ROO7 : : : :
: { (St. Lawrence River) :
| May s 422 . 0.135 5.2 0.168
June : 13.0 : 0.433 : 14.0 : 0.465
; July : 17.8 : 0.574 : 18.8 : 0.606
X August : 15.9 : 0.513 : 16.9 : 0.544
; September 7.9 0.263 8.9 0.295
i RO06, and all 2000,
: plus ROO5
(Lake Ontario)
May 1.96  :  0.061 2.9 0.094
June : 10.4 : 0.347 : 11.4 : 0.380
July : 17.7 : 0.571 : 18.7 : 0.604
August : 15.6 : 0.503 : 16.6 : 0.535
September 7.0 0.233 8.0 0.268
RO04 through 3001
(Lake Erie)
May 2.9 i 0.09 3.9 0.125
June : 13.4 : 0.447 14.4 : 0.480
July : 18.7 : 0.603 19.7 : 0.636
August : 17.8 : 0.574 18.8 : 0.606
September 10.1 0.337 11.1 0.369
R0O03 through ROO1
(Detroit Area)
May s.19 ;. 0.132 5.1 0.165
June : 14.2 : 0.473 : 15.2 : 0.507
July : 19.0 : 0.613 : 20.0 : 0.645
August : 18.6 : 0.600 : 19.6 : 0.632
September 11.9 0.397 12.9 0.430
2 pistricts 9 and 10 (Brockville and Cornwall)
b pistricts 5, 6, 7, and 8 (Cambridge, Maple, Lindsay, and Napanee)
€ pistricts 2, 3, and 4 (Aylmer, Simcoe, and Niagara)
d pistrict 1 (Chatham)

Source: Canadian Government Preliminary Report
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3.2.3 Projected use

A basic assumption for this study is that the current participation rate
in swimming will remain the same in the future. Participation rate is
defined as the number of occasions within a given time during which
individuals, out of a given population, participate in various recreational
activities. While appreciating that the demographic characteristics of popu-
lation in the study area 20 or 50 years hence will not be the same as that
currently existing, the work necessary to develop a profile of future popula-
tion and then to assume certain participation patterns could not be justified
in light of the limited value in refining the results of the calculation.

The Ontario Recreation Survey (ORS) conducted in 1973/74 provides the
basis for projecting swimming use into the future. Survey results are
thought still to be representative of the interest Ontario residents have in
recreational swimming.

The State Comprehensive Outdoor Recreation Plans for New York,
Pennsylvania, Ohio, and Michigan, combined with a recreational, projected
use, allocation model, provide the basic input for projecting swimming use
into the future for United States beaches. All States except Ohio had con-
ducted a recent recreation survey and provided an annual basis per capita use
rates for swimming in natural environments. Since a comparable rate was not
available for the State of Ohio, the recent "Opportunities in the Leisure
Industry" study was used as the source of data.

Canadian Method: When assigning projected use for the Canadian portion
of the study, an origin-destination table was used. Projected use in desti-
nation areas, was calculated with population projections for origin areas.
Table G-8 was developed using ORS, ORSI, and travel pattern data.

ORS specifies total participation in swimming for both home-based and
nonhome-based trips by Ontario residents. This is expressed as "“occasions"
which is defined as participation in a recreational activity for any length
of time during the day. The survey was based on interviews with 10,230 resi-
dents of Ontario taken from 1 May 1973 to 30 April 1974. Individuals under
12 years of age were excluded from the survey.

In the ORS, total swimming includes swimming in natural environments,
j.e., beaches, as well as that which occurs in swimming pools. These total
swimming figures also include swimming which occurs in nonpublicly accessible
areas such as at private cottages. Since this study is concerned only with
the amount of swimming taking place in each month at publicly accessible
locations in natural environment settings along the Great Lakes in each admin-
istrative district, only the portion of total swimming involving natural
environment areas and publicly accessible locations by month was used. It
also assumed that the amount of swimming along the Great Lakes was propor-
tional, to actual swimming supply in public, natural areas on the Great Lakes
as determined in the ORSI data. As an estimate of projected use, nonresident
swimming use was used as an inverse reciprocal factor. Park records, day

user surveys, and the Lower Great Lakes Day Use Recreation Access Study were
utilized for its calcuTation.
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Projections of use for swimming were made for each year, using an
origin-destination table (Table G-8). This table was developed on the basis
of observed results specified in the ORS, assuming that this actual pattern
of travel would continue into the future. Origins are the four Ministry of
Natural Resources administrative regions and destinations are the 10 Ministry
of Natural Resources administrative districts in Southern Ontario (Figure
G-2). Table G-8 was also used to assign projected use from origin areas to
supply areas.

The ORS recorded the number of occasions of swimming made by a respon-
dent for nonhome-based swimming. In deriving the value of an opportunity,
the value of the distance travelled is multiplied by the number of occasions.
For nonhome-based occasions, it is not correct to assume that each occasion
should be valued as if the entire distance were travelled to undertake that
occasion. This matter was investigated with the following results:

1. an estimate of the number of swimming occasions generated on a -
weekend or vacation (i.e., nonhome-based) trip was derived (person-trip in
Ontario by an Ontario resident);

2. the average number of swimming occasions generated by a weekend
person-trip is 0.35;

3. the average number of swimming occasions generated by a vacation
person-trip is 3.48;

4. due to the preponderance of weekend trips over vacation trips, the
Yegghted average value of swimming occasions for a nonhome-based trip is
/5 .

5. the ratio between the number of swimming occasions consumed and the
number of nonhome-based trips generated is approximately one.

Projections of Ontario‘'s population were developed by county and for
1985 to 2035, using a Tow fertility assumption, 0.27 internal migration
factor, and 30,000 people as the net migration figure. These are thought to
reflect current circumstances.

Projected use for any year is calculated by dividing Great Lakes pro-
jected use by the current population and multiplying the results by the
future population, e.g.,

1974 yse X population 1990

Projected use 1990 =
Je ¢ population 1974

Given a projected use for swimming in any year, an allocation of use is
divided into the summer months from May to September. The portion of total
use occurring in each of these months is calculated using the percent of
demand found by the ORS to occur in each month. The distribution of total
use by month provided by ORS is for total swimming and assumes that this
distribution holds true for switming in the natural environment as well.
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Table G-8 - Origins - Destinations for Swimming
(Total of home and nonhome-based swimming)

“DESTINATIONS : ORIGINS ({percent at destination)

(administrative: Administrative Regions

districts) : Southwestern: fEﬁfFET"‘?"‘EEEEern : _Algonquin

Chathan : 95.975 i 3.942 . 0.005  : 0,027
Aylmer i 94.693 ; 3.620 ; 0.011 ; 0.133
Simcoe L 49.446  :  49.821  : - ) -
Niagara ©oL01 ;9818 i 0.3 i 0.103
Cambridge i 1.816 ; 98.017 ; 0.138 ; -—-
Maple © o 0.578 i 98172 i 0.699 . 0.014
Lindsay i 1.877 ; 93.282 ; 4,094 i 0.732
Napanee i .- ; 13.092 : 85.867 ; 0.382
Brockville i 6.383 ; 9.938 ; 83.678 i ---
Cornwall i 1.359 § 2.178 ; 96.463 ; —_—
Thus,

Projected use 1990 = (ORS total use) X (percent swimming in natural
areas) X (percent swimming in public areas) X (1 / (1 - percent swimming by
nonreiidents)) X (1990 population / 1974 population) X (percent use per
month).

Figure G-3 outlines this procedure diagrammatically.

As an example, consider an administrative district/reach for which
demand comes from all four administrative regions (Table G-9).

United States Method: The COMPATRAX model oulined in Annex F provides
the basic input into the demand formula for estimating benefits derived from
U.S. beaches. The COMPATRAX model utilizes annual per capita recreation
rates for discrete populations and multiplies these rates by forecast
population. The per capita rates for the four States included in the U.S.
forecasts are listed in Table G-10.
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CALCULATING PROJECTED SWIMMING USE
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% PUBLIC AREAS (ORS)
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Table G-9 - Example Destination Use for Four Origin Regions

Use in Destination

Origin . Ppopulation of Region  : District (1974)
Region : 15735556'55 : 1§§ﬁiﬁﬁﬁ'sj : (000's occasions)

1 : 500 : 1,000 @ : 275
2 P 2,500 i 4,500 700
3 i a0 : 900 50
§ 4 200 : _300 @ 50
| Total © 3,600 6,700 1,075

Projected use from each administrative region =

t' Region 1: (1,000 / 500) X 275

= 550,000
Region 2: (4,500 / 2,500) X 700 = 1,260,000
; Region 3: (900 / 400) X 50 = 113,000
| Region 4: (300 / 200) X 50 = 75,000
Sum total by administrative
district 1,998,000

District Value

(percent)
Percent of swimming in natural areas 60
Percent of swimming in public areas 75
Percent of swimming each month (July) 44
Percent of swimming on Great Lakes 33
Percent of swimming by nonresidents 25

Projected use (July 1990)

174,000 occasions (for publicly accessible
natur§1 environment swimming within the Great
Lakes
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Table G-10 - Occasions for Swimming by State

Annual Per Capita Occasions for Swimming

States : in Natural Environments
Michigan i 4.71
New York i 4.38
Ohio i 4.82 (northeast Census Region)
Pennsylvania i 4.64

The population forecasts were provided by the Census Bureau's latest
“Series E" national population projection, and the Bureau of Economic
Analysis' industrial and regional disaggregation thereof, as published in
The 1972-E OBERS Projections, November 1974.

The COMPATRAX model is composed of three components:

Projected Use - All projected use areas are located within the model
utilizing longitude and latitude coordinates. These spatial locations
provide a distance relationship between other projected use areas and the
recreation destinations (or supply). For each of the projected use areas,
the forecast population for a given year is multiplied by the estimated per
capita recreation activity occasions (in this case, annual swinming occasions
in a natural environment). The next step in the model is to allocate this
projected use (actually, consumption of recreation areas), into the various
periods of time that people might take part in the activity. The various
leisure activity periods for the model are listed below (Table G-11), along
with the percent of projected recreational use that is allocated into each
one of the periods:

Table G-11 - Leisure Activity Periods for COMPATRAX

Period : Percent : No. of Occasions/irip
Few available hours : 9 : 1
A11 day outings ; 39 ; 1
Overnight trips : 15 : 2
Vacations % 37 E 3

After the potential demand for a given origin area is segregated into
the periods of time during which the activity occurs, the next step is to
segregate the amount of activity in each one of these activity periods into
the distance band that people might travel to take part in the activity. For
example, people participating in few available hours leisure activity period,
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are much less Tikely to travel beyond 50 miles compared to those that are
participating in swimming in natural environments on vacations. The distance
bands and the percent of swimming activity that takes place within each one
of these bands by leisure activity period are provided in Table G-12.

The basic data that have been utilized to separate swimming activity

into leisure activity periods and distance zones are provided by a variety of
U.S. research studies.

The origin areas for this COMPATRAX analysis includes two to three coun-
ties inland from all lakes and waterways in the four States, as well as all
of the remaining Standard Metropolitan Statistical Areas (SMSA) in the four
States. Non-SMSA population in the remainder of the States was then propor-
tioned ;nto the counties and SMSA's based on their relative size compared to
each other.

Table G-12 - Swimming by Distance Zones

One Way
Road to Run : Percent
Between Origin : : : : Few
and Destination : : Overnight : All Day : Available
(Miles) . Vacation : Trip :  Quting : Hours
0- 25 : 0 : 14 : 19 : 65
26 - 50 : 5 : 16 : 19 : 19
51 - 75 : 8 : 22 i 23 : 11
76 - 175 : 20 : 33 : 39 : 5
176 - 275 : 16 : 8 : 0 : 0
276 - 475 : 20 : 6 : 0 : 0
>475 : 3 : 1 : 0 : 0

Supply - As with areas of projected use, supply areas are first located
by longitude and latitude coordinates. This provides a relative location to
other supply areas, as well as the demand origins. In the Lake Erie model,
the supply areas include all of the State Comprehensive Outdoor Recreation
Plan (SCORP) supply regions in the four States, as well as the reaches.

The basic supply information in the COMPATRAX analysis was the linear
feet of available beach in a supply region. All four States provide an esti-
mate of the linear feet of beach available by SCORP regions. The inventory
of beaches on Lakes Erie and Ontario provides an estimate of the linear feet
of beach in each of the reaches. No attempt was made to rate the quality of
any of the beaches. In other words, each foot of beach in an area was con-
sidered of equal quality to a similar measure of beach in every other region.
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Allocation - The allocation phase is the final phase of the COMPATRAX
analysis. After projected use is estimated for an origin area and appor-
tioned into the leisure activity participation periods and distance zones,
the model searches (by origin of projected use) for available supply regions
within each one of the activity periods and distance zones. The model then
allocates the projected use to the appropriate supply area based on the
relative quantity (and quality, if available) of resources within the par-

ticular zone.
txample of Allocation Process
For this simplified illustration, one distance band was assumed with all of
the swimming occasions occurring during few available hours (9 percent)
being allocated among three supply areas. In actual use, the activity by
leisure activity period is allocated among seven distance bands. For
example, the 4,500 occasions in few available hours would be allocated as
follows: 2,925 occasions into 0-25 miles (65 percent), 855 occasions into
26-50 miles (19 percent), and so on. The computer program would then search
each distance band for available supply areas and allocate as illustrated
above.
Demand Area "n":
Population - 10,000
Recreation Rate - 5 occasions/person/year

Total Potential Demand - 50,000 (yearS)

Allocation:
Few Available Hours - 9 percent or 4,500 Occasions

Three Supply Areas

Units of Occasions

Supply Percent Few Available Hours

Supply 1 100 10 X 4,500 = 450
Supply . 500 50 X 4,50 = 2,250
Supply 3 400 40 X 4,500 = 1,800

4,500

The final step in the model is to summarize the projected use that is
expended at each of the 17 reaches. The COMPATRAX forecasts of the annual
activity days in swimming in natural environments for the 17 United States
reaches by decade are shown in Table G-13.
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Table G-13 -

COMPATRAX Forecasts of the Annual Swimming Occasions

in Natural Environments by Year
(000's of occasions)

United

States

Reaches : 1985 : 1995 : 2005 : 2015 : 2025 : 2035
RG0S 105: 112: 120 126 132 : 138
R007 0: 0: 0: 0: 0: 0
ROO6 60: 74: 80: 85: 90: 95
2005 61: 67: 73: 77+ 8: 8
2004 541 : 572 608: 630: 652: 674
2003 739 870+ 1,007 : 1,085 : 1,153 : 1,221
2002 768 1 906+ 1,080 : 1,117 : 1,175 : 1,233
2001 $19: 476 : 540: 568 59 : 624
ROO5 0: 0 0 0: 0 0
RO04 1,110 : 1,174 : 1,259 : 1,296 : 1,333 : 1,370
3004 5,675 : 6,007 : 6,572 : 6,903 : 7,234 : 7,565
3003 6,850 : 7,823 : 8,006 : 8,480 : 8,954 : 9,428
3002 4,191 : 4,649 : 5,003 : 5,69 : 5,885 : 6,221
3001 1,086 : 1,214 . 1,362 : 1,886 : 1,550 : 1,654
RO03 1,514 : 1,678 : 1,813 : 1,93 : 2,059 : 2,182
R002 3,570 1 3,050 : 4,281 : 4,574 i 4,867 : 5,160
ROO1 0: 0: 0: 0 0: 0
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COMPATRAX forecasts of annual activity occasions were then converted
into the projected use occurring during peak swimming periods by month for
each of the reaches utilizing the equation shown below:

Projected Use for Total Annual Activity Monthly Peak Day
Recreation Beaches = Days X Activity X Use Factor
(COMPATRAX Forecasts) Factor

A computer program utilized the COMPATRAX forecast of annual activity
days for swimming in natural environments for each of the reaches and future
years as a basic input. It may be noted that there are no forecasts of
swimming in natural environments for some of the reaches such as R0O07. No
public beaches are located in these regions, thus the areas do not attract
public beach use.

The second step in the forecast of projected use was to distribute the
annual activity days provided by the COMPATRAX model into the five summer
months. The Canadian element of the Lake Erie Regulation Study developed a
considerable amount of data for the 10 Canadian reaches. Utilizing these
data, an average rate of swimming activity by month was developed, and
applied to the COMPATRAX annual activity day forecasts for the 17
United States reaches. The monthly factors are shown below:

Months Month Factors
May 0.100
June 0.173
July 0.397
Augus¢ 0.269
September 0.062

With the COMPATRAX annual activity days distributed by month for future
years, the final step was to parcel out the amount of this monthly use that
might occur on peak days. Daily gate counts at a major United States beach
were used to calculate this factor. Daily and monthly gate counts were
available for the 5-year period 1976-1980. These data were averaged to
determine the amount of the monthly activity that occurred on peak days.
These average coefficients are:

Month Peak Day Factors
May 0.50
June 0.42
July 0.44
August 0.37

September 0.53




| The coefficients show the amount of monthly use that might occur on peak
days during each of the months, i.e., one-half of the May visits can occur on
a Saturday, Sunday, or Memorial Day. These factors were multiplied by the
previously developed matrix to produce the amount of peak use that occurs by
% month by reach for each of the future years.

3.2.4 Value of an Opportunity

To make the results of the beaches component comparable with other
aspects of the study, a dollar value was determined for beach opportunities
created or lost due to the regulation plans. In this case, the value of an .
opportunity is the sum of the cost of the average distance travelled and the
average weighted entrance fee.

; The approach to evaluating an opportunity chosen was, in effect, the

' "cost of getting there." While willingness to pay may give a value that is

: more reflective of how the people of the study area actually view the oppor-
tunity of going to a beach, these data were not easily and uniformly
available. Data on the cost of travelling plus entering a beach area,
however, were available.

Data regarding origin of day-users by county or municipality were
obtained from two surveys carried out by Parks Planning, MNR; the Wheatley
Provincial Park 1975 Day-User Survey, Report No. 2, and the 1976 Provincial
Park Day-User Survey, Summary Statistical Report. These surveys provided
information on five Provincial parks within the study area: Wheatley, North

Beach, Presquile, Long Point, and Darlington.

Canadian Method: For the purposes of determining distance travelled,
the parks were located on an Official Road Map of Ontario, produced by the
‘ Ministry of Transportation and Communications and the Ministry of Industry
and Tourism. An Alvin 1112 map wheel was used to measure distance travelled
from each origin to each park. Where origins were stated as municipalities,
the road closest to the centre of the municipality was used as the starting
point. In the case of county origins, the principal population centre was
used as the starting point. Where more than one principal population centre
was evident, measurements were taken from the road closest to the approximate
midpoint between or among them. In counties where there was no principal
population centre (incorporated town or larger), measurements were taken from
the road closest to the midpoint of the county.

For out-of-province origins, distance was measured from the point of
nearest entry. Responses in the "Other Canada," the "U. S.," and
"Unspecified" categories were excluded from the distance calculation.

Distance was measured along the shortest route using roads of paved ter-
tiary quality or better.

The distances calculated for each park are listed in Table G-14.
[ Detailed computations of these distances is given in Annex G.

—
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Table G-14 - Travel Distances for Provincial Parks in the Study Area

: One-Way : Round Trip
Park : Distance (mi) : Distance (mi)
Wheatley i 38 ; 76
Long Point § 70 § 140
Darlington i 44 ; 88
Presquile ; 91 ; 182
North Beach i 73 ; 146

The average round-trip distance travelled is 127 miles.

In determining the value of distance travelled, considerations included
such costs as depreciation and insurance. Although these costs are not as
immediately evident as those such as the cost of gasoline, they nevertheless
are a very real part of the cost of owning and operating a motor vehicle.
The values used in this study were provided by the Canadian Automobile
Association in an April 1979 publication entitled Car Costs, 1979. The
average cost of operating a standard-sized car with an automatic transmission
is 19.6 cents/mile. For a subcompact car with a standard transmission, the
average cost is 17.8 cents/mile. The average of these two values is 18.7
cents/mile. These costs are based on driving 15,000 miles/year and include
fixed costs of insuring, licensing, depreciation, and driving, plus variable
costs of gas, oil, tires, and routine maintenance.

Attendance records from provincial parks indicate the number of occu-
pants to be from 2.8 to 6.2. After consultation with Provincial Parks
Branch, 3.7 was chosen.

The weighted average entrance fee was provided by ORSI. Table G-15
lists these by MNR administrative district.

Subsequent to the completion of the analysis including the calculation
of discounted benefits per regulation plan, adjustments were required both to
consider round-trip distance instead of the one-way distance used initially
and to alter the average cost per mile from the April 1977 value to the June
1979 price. As both these adjustments affect discounted benefits in a linear
fashion, a single factor was applied to the initial results.

The factor was derived by taking the initial value of an opportunity and

dividing this into the adjusted value. The factor used was 2.078 as average
round-trip distance was used for all administrative districts.
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Table G-15 - Weighted Average Entrance Fee by Administrative District

— - T Meighted Average
s MR District Entrange Fee
§ Chatham : 0.72
4 i Aylmer ; «53 j
Simcoe : .83
L ? Niagara ; .69
f Cambridge i .56 1
; Maple ; .73
| Lindsay i «57
Napanee i .43
Brockville ; .51
Cornwall ; <40

Table G-16 presents the values of opportunities by administrative
district for both one-way (using April 1977 cost/mile) and round-trip (using
April 1979 cost/mile) distances, using the following:

! (average cost per mile) x (average weighted distance

Value of an - travelled)

Opportunity (average number of people per vehicle) + ({average
weighted entrance fee per person)
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Table G-16 - Value of a Beach Opportunity by Administrative District

: One-Way : Round Trip
MNR Administrative : (April 1979 : (April 1979
District : Cost Pgr Mile : Cost Per Mile)

. . s
Chatham : 3.72 : 7.73

Ayimer : 3.53 : 7.36
Simcoe : 3.83 : 7.96

Niagara : 3.69 : 7.67
Cambridge i 3.56 i 7.40
Maple ; 3.73 ; 7.75
Lindsay ; 3.57 ; 7.42
Napanee : 3.43 : 7.13
Brockville ; 3.51 ; 7.29
Cornwall i 3.40 ; 1.07

Average i 3.60 ; 7.48

Table G-17 is a summary listing of swimming opportunities by selected
MNR districts and selected months. The opportunities represent “"actual"
opportunities for the general public on a daily basis.

Some points to bear in mind when interpreting the tabled figures are:

1. All sites with beaches have been included for each district and not
only those which are located directly on the Great Lakes;

2. Factors utilized to calculate the space standard were: 3.5, 7.5,
15, 30, 60, and 100 (midpoints of sunbathing range) multiplied by the
beach length and divided by 100 square feet;

The value calculated in (2) was then multiplied by the midpoint of
the range for day-use. These factors were 0, .13, .38, .63, .88, and
1. The latter product was subsequently multiplied by the appropriate
monthly factors for turnover rate, days per month of swimming, and
institutional constraint factor;

The average fee was calculated by totalling the fees charged on a
daily basis and dividing through by the number of sites charging
such fees;
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5. The four columns dealing with "sites" will give an indication of
total sites with beaches, the number offering some day-use swimming,
those offering no day-use swimming and day-use sites charging a fee.

6. Present opportunity value has been calculated for each MR district
based on the total opportunities multiplied by the average weighted
fee and does not represent true value or the value resulting from
the adjusted water levels.

United States Method: Origin areas affecting demand at particular
destination areas (a United States reach) are available from the COMPATRAX
model. This output provides the potential number of visits that is estimated
to be generated by the origin areas. This model, along with average road
mile distances from each origin area to each reach was utilized to determine
the overall travel cost. Average weighted values by reach were utilized,
together with the model's forecast of recreation visits to determine the
total potential benefits that might be generated by beaches along the United
States shoreline.

The value per visit, that was arrived at using the above, is shown in
Table G-18. These values are slightly higher than the average Canadian :
value of a recreational beach opportunity. Although there are several pro-
bable reasons for the difference in values, the major reason is the physical
structure of the COMPATRAX model. The COMPATRAX model is essentially a
regional model and enables projecting recreation use from a large number of
demand areas. In this case, the demand areas include several counties deep
along the United States Great Lake shoreline and the Standard Metropolitan
Statistical Areas (SMSA) in the four States. As a result, the SMSA's tend to
dominate the model in terms of demand generated by origin areas.

Essentially, recreation use generated by all SMSA counties, including the
counties between the adjacent lake counties and the more distant SMSA's, was
distributed from the SMSA location points based on their relative size com-
pared to each other. For example, if an SMSA has 50 percent of the total
SMSA population in the State, half of the non-SMSA population is allocated
from this physical location. Thus, while the overall estimates of recreation
use are accurate estimates of future use, the market summaries that were ini-
tially utilized to generate the value of the visit tended to overestimate the
value of recreation visitation. An adjustment was made to correct the
overestimate. The overall weighted average utilizing the COMPATRAX approach
before adjustment was $10.12; and after adjustment was $6.40.
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Table G-18 - Value Per Visit Utilized to Compute
Benefits for the United States Reaches
Reach : COMPATRAX
L RO08 ; 6027
F RO07 ; -

RO06 ; 9.77

f 2005 ; 7.90

3 2004 ; 9.09

E 2003 ; 7.08

ﬁ 000 5.77
2001 : 10.61
RO05 ; -- |

j RO04 : 3.26

| 3004 § 14.91
3003 ; 14.02
3002 ; 10.48
3001 i 4.52
R003 ; 2.88
R002 i 3.29
ROO1 : --

|
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3.2.5 Determining Benefits and Losses |

{ The difference between the supply available due to the plans, and the
basis-of-comparison supply, once a value is attached, is the benefit or

! loss due to regulation. The added qualification is that the supply must be
‘ required to meet projected use before it can be considered a benefit.

Canadian Method: For the purposes of this analysis, a model was devel-

* oped for the Canadian shore to examine the influences of regulation plans on ;
supply and demand. This simulation model was run for the three regulation :

‘ plans (6L, 155, and 25N) for the period 1985 to 2035 using each month from 1

g May to September as a separate time period in each year. )

Basis-of-comparison water levels from 1900 to 1976 were available for
simulation purposes. Various 5l-year sequences of water levels were derived
' from these data in order to represent a range of possible real-world con-

‘ ditions for the period 1985-2035. While actual levels and fluctuations in
1985-2035 may be quite different from one of the periods simulated, it can be :
expected to most likely be within the range of options simulated. ' %

The major input components of the model included supply, projected use, ;
and values which have been described in Sections 3.2.2, 3.2.3, and 3.2.4,
respectively. The manipulation of these basic elements of the model to
arrive at a benefit or loss due to one of the regulation plans occurred in
the following manner:

-l el e L

For each simulation period, two units of swimming supply are calculated:

Basis-of-comparison supply must be calculated for each time period

1. Basis-of-comparison supply or supply with no regulation plan. H
because water levels differ between time periods; and, : ]

2. additional or lost supply due to the regulation plan.
Figure G-4 illustrates how this is done.

The calculation of basis-of-comparison supply starts with the supply of
swimming on the Great lLakes as specified by ORSI. ORSI supply is revised in
each time period to bring these data to basis-of-comparison conditions.
Revisions follow the method described in Section 3.2.2 and are carried out
for individual beaches. In this case, the change in water level is defined
as water level when supply data were gathered minus basis-of-comparison (BOC)
water level. Thus, for each beach: ‘

Supply revisions = (original water level - BOC water level) X (length)
X (slope) X (supply factors)

Revisions are done for all beaches and then summed for each administra-
tive district.
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Thus, District BOC supply = (ORSI supply) + beaches (BOC supply
revisions)

To continue with the example used in 3.2.2:

BOC supply = (length) X (width) X (space standard) X (turnover rate) X
(number of days available in June) X (institutional
constraint factor) = 325 x 100 x (_%_) x1.2 x 14.1 x
100
.143 = 786 opportunities

Thus, this beach provides 786 opportunities for swimming in June, while

Additional supply = (length) X (width of new beach) X (space standard)
X (turnover rate) X (number of days available in
June) X (institutional constraint factor) = 325 X
(.75 X 5/1.5) X (1) X 1.2 X 14.1 X .143
100
20 opportunities

H ot

The lowering of lake level by .75 foot results in 20 more opportunities
of swimming in June from this beach. The width of the new beach is calcu-
lated by multiplying the change in lake level by the beach's slope. The
beach's slope is derived by dividing the wet beach width, in this case, 5, by
1.5 since wet beach width is the width of wet beach to a depth of 1.5 metres
of water.

A change in additional supply is caused by the water level being raised
or lowered due to a regulation plan and can, therefore, be either positive or
negative. Regulation plans lower or raise the water levels. The amount
water levels are lowered or raised is specified for each of the plans in a
particular format. Annex H specifies the format for these data.

Additional supply is calculated for each beach using the length and
slope of a beach combined with corresponding water level data. The number of
opportunities of supply that the new beach area would provide can be easily
calculated using the supply equation described in 3.2.2. For a given beach:
additional supply = (change in water level due to regulation) X (length) X
(slope) X (supply factors).

The model sums the additional supply for all beaches in each administra-
tive district and then sums this with BOC supply to give total supply.
Opportunities of supply used and benefits are given dollar values and used in
the model.

The major purpose of the simulation model is to determine if benefits or
losses occur due to the regulation plans. If new supply is created and used,
benefits occur, and if new supply is created and not used, no benefits
occur. As much of the new supply is used as is demanded. Conversely, supply
may be decreased by the regulation plan. Losses occur if supply, that would
otherwise be used, is eliminated by the regulation plan.
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The trade-off table (Figure G-5) indicates when benefits or losses occur
with + and - signs. Benefit/loss is calculated on an administr_tive district
basis. Some administrative districts are on more than one lake in which case
benefits occurring in the district are divided among the lakes in proportion
to the current supply on the lakes.

Knowing the amount of supply used provides an idea of the magnitude of
overall benefits i.e., when one knows supply is used, one can consider the
ratio of benefits to supply used. The supply used (Figure G-6) is defined as
the lesser of the demand or of the quantity of benefits plus BOC supply.
Supply used is equivalent to the demand that is satisfied for each admin-
istrative district.

Opportunities of supply used and benefits are given dollar values and
discounted as shown in Figure G-6 on a yearly present value basis and summed
across years. A discount factor of 8.5 percent and a base year of 1985 are
used. Thus, for a given year: Present Worth Factor = (1/(1+.085))" where
n = given year - base year.

United States Method: The methodology used to evaluate U.S. beaches
implies that at "0" water level, no losses or benefits are incurred. Losses
were measured as the loss of user-days that might occur as a lake rises and
beach area is covered by water. Benefits, on the other hand, are the addi-
tional user-days accommodated by expanding beach areas as the water level is
lowered.

To evaluate the potential benefits or losses associated with
recreational beaches, the value of the potential available supply and demand
by reach was estimated and compared at various lake levels. For the purpose
of this analysis, a common reference lake level was established {"0" fluc-
tuation level) for each water body; all subsequent analyses related to seven
different water levels above and below this "0" level (with the range
extending from +4 to -6 feet).

Because the recreation inventory took place over a 3-month period, and
the lakes and connecting waterways did not maintain a constant water level
during this period, all beaches in the study area were adjusted to the common
reference level for the reach where they were located. Since the time of day
and date were specified on each inventory form, it was possible to determine
the exact water level at the nearest gaging station during the time of the
inventory. The first step in the lake level analysis, therefore, was to
adjust each beach area measurement from the level at the time of inventory to
the appropriate reference water level. The reference water levels for each
reach are listed in Table G-19.
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Table G-19 - Reference Water Level and Gaging Stations for
United States Reaches

Reference Level : Gaging Station
St. Lawrence River ; ROOS ; 241.8 ; Morrisburg, Ontario
: ROO7 : 243.3 : Cardinal, Ontario
: ROO6 : 244.9 : Ogdensburg, NY
Lake Ontario : 2005 ; ; Cape Vincent, NY
: 2004 . : Oswego, NY/CaEe Vincent, NY/
: : :  Oswego, NY L/
: 2003 : : Oswego, NY
: 2002 : 245.5 : Rochester, NY
: 2001 : Olcott, NY y
: ROO5 : : Olcott, NY
Niagara River : ROO4 : 563.9 . Tonawanda Island, NY
Lake Erie : 3004 : . Buffalo, NY/Erie, PA 1/
: 3003 : : Cleveland, OH
: 3002 : 571.3 : Marblehead, OH/Toledo, OH 1/
: 3001 : : Toledo, OH
Detroit River : ROO3 : 573.1 . Ft. Wayne, MI
Lake St. Clair  : ROO2 : 574.1 . St. Clair Shores, MI
St. Clair River  : ROOL : 575.9 . St. Clair, MI

1/ In some instances, two gages were within the same reach. In these
instances, the closest gaging station was used.

For example, beach number 35, near Buffalo, NY, (reach RO04) was inven-
toried on 27 June 1979. The water level on that date was 564.6 feet (as
recorded at Tonawanda Island, NY, gaging station). In comparing this to the
reference water level, this water level on that date was 0.7 foot higher.

Adjusting the beach areas to a single point in time (reference water
levels) was done in two steps. The first step was to compute the area of dry
beach when the lake/waterway is at the reference level. In the simplest of
terms, this is a (length) X (width) measurement for each facility. In order
to compute this factor, the length of all public and community beaches in
each reach was summed. I[f measurements were unavailable for a particular
beach, the average length of beach for the total reach was applied to the
missing facility. Next, the average width of beaches for the total reach was
multiplied by the length estimate in the reach to determine the total area in
beaches by reach. Before this was done, however, the width measurements were
adjusted to the reference water level. This was accomplished by computer
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technique through a simple series of calculations using trigonometric
functions. The graphic presentation below shows the similarity between the
dry beach measurements and a right triangle:

Nor gen ' ‘
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Using average measurements throughout the reach, the following trigono-
metric functions were calculated:

1. Determine average angle e and width (c) for sample points.
2. Compute a:

a/c
sinet X C.

sinel
a

3. Adjust a to reference level: a’= a+ (measured level - reference level)

4, Compute the average width of the dry beach (reach, lake, or total
population) for the reference level:

al/cl
a’/sina(c’, being the computed value of the dry beach
width).

sina
’
C

“wn

The resulting adjusted width of dry beach was then multiplied by the
length of the public and community beaches in each reach. This provided an
estimate of the total area of dry beach by reach at the reference level ("“0"
water level fluctuation). This value could then be evaluated in terms of
changing water levels.
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The graphic presentation below shows the similarity between the wet
beach measurements and a right triangle. Again, using trigonometric
functions, the width of the wet beach could be calculated when the lake is at
the reference water level. These calculations are shown below:

1. Determine average depth (x) and distance from the waterline (y) for
sample points.

2. Compute width of wet beach:

3. Substituting values, compute sing:
sin@ = x/z.

4. Finally, compute width of wet beach at reference water level (z°).

2’= x'/sinj!; where x/ = x+ (reference level - measured level).

If the lake level is raised above the reference level, then the change
between the wet beach width at the reference water level and the new level
(the difference) would be the width of beach lost. If the lake level is
lowered, then the change between the wet beach width at the reference level
and the new water level would be the width of beach gained.

The final step in the analysis of impacts in water level changes was to
determine the change in beach width by applying this change in wet beach
widths to the dry beach width previously computed. The new beach areas could
then be established for all reaches at the selected water levels. The total
length of public and community beaches was multiplied by the new beach widths
at the various water levels. Annex D presents the type of information
available for each reach. (In that annex, the top part of the tables show
the average length and width along with the number of beaches in the sample,
the standard deviation, and the total length of beaches in the reach. The
lower part of the tables show the change in the average width, as well as the
total area with changing water levels. The information in these tables was
utilized in the subsequent economic impact analysis).




There are two separate phases associated with the development of bene-
fits generated at the various water levels in the U.S. reaches. The beaches
have the capability of accommodating a given level of use. This capability
is determined by the area of beach, which in turn is affected by the water
level. As shown in Section 3.2.2, other influencing factors include the
degree of crowding users are willing to endure (the space standard), the
number of times a beach area can be utilized more than once during a day,
(the turnover rate), and the number of peak days of use in a given period of
time (weekend days and holidays per month). Peak days are also affected by
both recreation utilization patterns, i.e., the standard workweek and leisure
time availability, and weather. The supply portion of the analysis is basi- 1
cally a determination of the supply capability (how much use beaches are
capable of providing). The second phase of the analysis was to determine the
amount of use for beaches. Projected use is affected by the growth in
swimming activity, the month that the activity usually occurs, as well as the
time of the week that participation occurs.

Both the supply capability, and the levels of projected use (by reach,
month, and water level) were multiplied by the previously developed COMPATRAX
values to determine the stage value relationship (or water level vs. value)
of beaches (supply capability) and potential benefits of recreation beaches
(projected use for beaches).

The stage-value (supply) that might be provided by the recreation
beaches for each reach is shown in Annex I. The results are based on
COMPATRAX values. The fluctuation in potential value of beaches by month
results from the fluctuation in the number of peak days the beach might be
used during the highest use days of the season. The fluctuation of potential
values within a given month varies with changes in water levels. It may be
noted that the higher the water level, the lower the value because less beach
is available for use. The opposite is true with lowering the water levels,
hence a higher value.

Annex J shows the potential benefits that would be generated for beaches
in the study area in terms of COMPATRAX values. In that annex, values
corresponding to projected use are presented by reach in terms of month and
future year. The previously described COMPATRAX model was utilized to fore-
cast recreation participation in each one of the reaches. Using the pre-
viously described equation, annual recreation occasions of swimming were P
converted to monthly swimming occasions occurring on peak days. B

A comparison of regulation plans and basis-of-comparison was done as
follows. Water levels were derived for Lakes Erie, Ontario, and St. Clair,
as well as at index points of reaches on the interconnecting channels.

Water levels were generated for the period 1900-1976 under basis-of-
comparison, 6L, 155, and 25N regulation plans. These levels or stages were
then ranked from lowest to highest, and stage-duration curves were developed
for each water body. Basically, this measures the probability that a water
Tevel will be equalled or exceeded. Stage-value relationships (by reach and
decade) were coupled with each duration curve, to calculate the expected
annual value for each plan (i.e., BOC, 6L, etc.) by reach and month.
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The expected annual value is the frequency weighted sum for the full
range of values from expected water levels and can be viewed as what might be
expected to occur in any present or future year. Expected annual values are
computed for each input data year (1985-2035) by first computing a value-
frequency relationship from stage, frequency (duration), and value data for
each month, reach, and regulation plan. Each value is then weighted
according to its percent chance of occurrence.

Within the period of analysis, expected annual value is computed for
each year. This is done by first computing expected annual values for the
base year (1985), and each decade year (every 10 years from the beginning of
the operation). Between any pair of input data years, the stage-value data
are calculated by linear interpolation. Expected annual values are then com-
puted for each year of the period of analysis.

Each year's expected annual value, which is assumed to occur at the end .
of the year, is discounted back to the beginning of the base year, then amor-
tized for the period of analysis. The discounting equation used is

P 1
f= T
where:
p = Present amount (at beginning of bas: year) of some future amount.
f = Future amount.
n = Number of years the future amount is from present.

i = Discount rate (8.5%).

The present amount of all future amounts over the period of analysis is
amortized using the equation

A i (1+i)N .
P= T+ o (Capital Recovery Factor)

A

where:

Equivalent annual amount.

P = Present amount (at beginning of base year).

n = Period of analysis (50 years).

i = Discount rate (8.5%).
This procedure yields equivalent average annual values for each plan by
month (May through September) and reach. The difference in equivalent

average annual values (i.e., 6L-BOC, 15S-BOC, etc.) produced the
benefits/losses to each plan.
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Comparigon of Methods: The variability of data available in the
United States and Canada has led to some subtle differences in methods
employed to obtain the benefits/losses on recreational beaches under the
regulation plan alternatives. Annex K contains detailed results of Canadian
stage-value data for the Canadian Lake Erie reaches (Niagara, Simcoe, Aylmer,
and Chatham) combined with stage-duration data used in the U.S. method.
Average annual benefits for the 25N Plan (Category 2), using the U.S. method
for Canadian reaches on Lake Erie are $1,525,000. This compares to 3 percent
less benefits obtained using the Canadian "simulation" method ($1,566,000).
This small difference is well within the expected accuracy of either method
and, therefore, both methods are considered reasonable for the purposes of
this study.

3.3 Benefits and Losses

Tables G-20, G-21, and G-22 summarize the results of the analysis of the
. regulation plans under Categories 1 and 2 against the basis-of-comparison and
- Category 3 against the basis-of-comparison and adjusted basis-of-comparison,
respectively. Impacts of the regulation plans are presented in net present
worth and equivalent average annual values expressed in July 1979 dollars.
All plans show a negative impact or loss for reaches on Lake Ontario. This
is expected as the passage of additional water from Lake Erie raises slightly
the level in Lake Ontario causing a reduction in beach area.

The greatest benefits would occur on Lake Erie. Plan 25N would result
in significant overall benefits as compared to the 155 and 6L Plans. The
plan with the least impact, 6L, is of such magnitude that the inaccuracy of
components used in calculating the results may well be of such a nature as to
preclude a conclusion one way or the other.
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Section 4
RECREATIONAL BOATING

4.1 Introduction
4.1.1 The Study Area

The study area for this evaluation extends along the United States
shoreline of Lakes Erie and Ontario and the interconnecting waters between
Massena, NY, and Port Huron, MI. The interconnecting waters include the
St. Lawrence River, Niagara River, Detroit River, Lake St. Clair, and
St. Clair River. The study area was divided into the 17 reaches used by the
U.S. Coastal Zone Subcommittee. The selection of the reach areas was based
on similar geomorphic characteristics. The study area and reach limits are
illustrated in Figure G-7.

4.1.2 Overall Concept

Major changes in water levels affect recreational boating activity. The
type of impacts measured in this study are effects on recreational boating
resulting from owners being prevented safe ingress/egress from the boat slips
or moorings due to insufficient depths. Though it is recognized that
"damages" to boating activities may result from water levels too high for
boat owners to safely use their crafts (e.g., inundated docks), this analysis
only considers the effects of low water level “"damages". Also, property
damage resulting from high water are not included in this evaluation. These
storm damages were considered by the Coastal Zone Subcommittee (see Appendix
C, Coastal Zone). Furthermore, this analysis considers only the effects of
water level fluctuations on recreational boating for activities originating
at commercial facilities (e.g., marinas). Boats berthed at private
residences, summer cottages, etc. are not considered in this analysis.

Impacts to recreational boating which result from limited regulation of
Lake Erie are calculated as the difference in “"damages" resulting from any
particular lake regulation plan and those "damages," if any, which would
occur with basis-of-comparison and adjusted basis-of-comparison conditions.

4.1.3 The Inventory

The inventory was conducted from mid-June through mid-September of 1979.
The inventory included interviewing facility operators/managers and
collecting boating facility measurements.

A total of 662 boating facilities were identified in the study area.
The bulk of these (over 90 percent) are in private ownership, with municipal
and State Governments owning most of the remaining facilities. Almost all of
the boating facilities (93 percent) are in private management. Some of the
boating facilities on public lands are operated by private concessionaires
under lease with the Government.
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The following procedure was utilized to collect the information
regarding boating facility measurements. After the interview had been
completed, the crews evaluated the marina area which includes moorings and
berths/slips. A random sample of 10 percent of the moorings and slips were
selected for measurements. In the case of the moorings, the interviewers
often asked the facility operator to take them by boat to determine boat
class/length and license numbers, as well as depth and bottom material of the
moorings.

The interviewers used the following procedure in collecting the
mooring/slip information. For example, suppose a facility contained 100
slips. The crews obtained slip depth, boat class/length, and license number
at 10 random slips. At each selected slip the water depth was taken. The
day and time of each depth reading was also recorded in order to relate
actual water level readings at the closest gage station. The actual measured
depths at the various boat slips were determined through the use of gage
stations adjusted to a common reference level. The gage stations used
throughout the study area were the same as were used for the beach evaluation
of U. S. reaches (see Table G-19).

While the crews were at the slip, boat length/class and license number
of the boat occupying the slip were also recorded. If the slip did not con-
tain a boat, the boat length/class and license number of a boat in the
nearest slip was noted.

A questionnaire was used to obtain information concerning the capacity
and utilization of boating facilities. A total of over 52,000 wet
berths/slips are located throughout the study area; there are over 700
moorings (see Table G-23). Over 40,000 boats can be stored on the property
of these boating facilities. Almost half (319) of the facilities have some
type of launch ramp and most of the facilities (466) have some type of hoist
to accommodate boaters' needs. The operators in the study area indicate that
the occupancy for the wet berth/slips is 87.6 percent. This means that
almost 46,000 of the available slips are utilized during the boating season.
A total of 81.1 percent of the moorings are occupied (over 600). Over half
of the marina owners (54.2 percent) indicate they set aside slips for tran-
sient use; this is nearly seven slips and/or moorings per facility available
for transient use. A total of 43 percent of the operators indicate they have
an agreement with regular renters to use their slips or moorings for tran-
sients when they are not in use by the regular renter.
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Table G-23 - United States Boating Facility Capacity

: Lake Erie: Lake :
:  Lake : (includes: Ontario
:St. Clair : Detroit & (includes :
:{includes : Upper : Lower : : Total
:St. Clair : Niagara : Niagara :St. Lawrence: Study
River) : Rivers) : River) :  River : Area

Wet Berths/Slips : 11,215 : 33,522 : 6,141 : 1,304 : 52,182

Moorings : 0 : 225 : 57 0 : 742
Dry Storage . 11,400 : 23,066 : 4,997 - 894 : 40,357
Launch Ramps i 35 ; 186 ; 80 ; 18 ; 319
Launch Capacity i i ; i ;
(Boats/Hr.) : 329 : 1,415 642 : 148 : 2,534
Ramp Parking Spaces: 1,671 : 8,236 : 5,148 836 : 15,891
Hoist T I 2 20 : 466

In Table G-24, a breakdown of the results of the inventory is presented
both in terms of slip size and number of craft moored. It also shows the
mean length of the slip classes. In general, there appear to be larger num-
bers of small boats in the fleet compared to available slips less than 26
feet in size. There are 2,742 hoats less than 26 feet long and only 1,630
slips available for this size class, a shortage of 1,112 stips. It was also
noted that in the larger classes, there were fewer boats than available
slips. Obviously, owners have the flexibility of utilizing these large slips
for small boats.

Table G-24 - Utilization of Marina Slips by Size Class

¢ Inventoried : Number : Additional :
Marina : of Craft : Craft to be : Mean Length
Slips : in Slips : Accommodated : (Feet)

Less than 16 Ft. 265 - 280 : 15 : 11.8
16 to 26 Ft. ;1,365 ;2,862 41,097 21.4
26 to 40 Ft. s 2,127 1,687 : 480 31.3
40 to 64 Ft. . 751 127 - 624 44.2
64 Ft. and Up : 11 3 8 : 72.7
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Based on the 10 percent random sample, the fleet mix was established for
the study area. Since some facility owners could not be contacted to obtain
permission to conduct the inventory, the information for all facilities was
not available. Utilizing the survey results, the total number of slips was
estimated in the study area. The fleet mixes were adjusted for both the wet
berths/slips and moorings using the previously mentioned occupancy rate. The
fleet mix of wet berths/slips for the study area is shown in Table G-25. A
total of nearly 55 percent of the boats are in the 16 to 26 foot class, with
over 35 percent in the 26 to 30 foot class. Over two-fifths (44.4 percent)
of the boats are of either the outboard, inboard/outdrive, or inboard class.
One-fifth (19.1 percent) of the boats are either sailboat or auxiliary
sailboats (with engine). Over one-third (34.9 percent) are some type of boat
with overnight cruising facilities. The remainder are either houseboats,
pontoon boats, or some form of other craft.

Table G-25 -~ Fleet-Mix, Wet Berths/Siips

: Lless Than : 16 to : 26 to : 40 to : 64 and :
: 16 Ft. : 26 Ft, : 40 Ft. : 64 .t, : QOver : Total

Outboard . 2,821 : 3,600: 31: 2: 0 : 6480
Inboard/Outdrive ; 440 ; 11,565 ; 933 ; 0 ; 0 ; 12,938
Inboard i 73 : 3,050+ 661 : 0: 0 : 3,785
Sailboat 94 i 493 : 524: 42: 0 : 1,153
Aux. Sailboat L 115 : 4666 3,911 : 157: 0 . 8,849
Cruiser : 21 i 5,064 11,775 1,08 : 21 : 17,919
House/Pontoon i 0 ; 94 i 619 : 147 ; 0 2 860
Other © 1%+ 42: 63: 10 10 ; 261
Total . 3,700 f 28,582 + 18,517 + 1,415 ; 3 ; 52,245

The fleet mix of the moorings is shown in Table G-26. A total of 650
boats are moored in the study area with the bulk of these (51.4 percent)
being 26 feet or larger. Nearly all (92.3 percent) are either sailboats or
auxiliary sailboats.

Utilization and depths at berths/slips and moorings statistics by reach
are shown in Annex L, Descriptive Recreational Boating Statistics. The
detailed field inventory data are on file at the Corps of Engineers, Buffalo
District Office.
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Table G-26 - Fleet-Mix, Moorings

: less Than : 16 to : 26 to : 40 to : 64 and :
: 16 Ft., : 26 Ft. : 40 Ft. : 64 Ft. : Over : Total

Outboard : 10 0: 0: 0: 0 10
In/Outboard : 0 10 : 0: 0: 0 : 10
Inboard 0 10 0: 0: 0 : 10
Sailboat : 0 : 38: 29: 0: 0 i e
Aux. Sailboat  : 0 i  228: 295 : 0: o 533
Cruiser i 0 ; 10 ; 10 ; 0 ; 0 20
House/Pontoon ; 0 0 ; 0 ; 0 ; 0 0
Other 0 _0 _0 [} '] _0
Total 20 i 296: 33 : 0: 0 650

4,2 Methodology

The method employed to calculate benefits and losses of the three regu-
lation plans on recreational boating is explained in detail in three separate
sections: Stage-Damage Relationship (4.2.1), Stage-Duration Relationship
(4.2.2); and, Average Annual Damage Computation (4.2.3). The stage-damage
relationship is the measurement of the effects of various water levels on
boating use. If the water level as measured at a gage station on a par-
ticular day indicates that the average depth is 4 feet at the berths in a
particular harbor, then it is assumed that any boat which drafts less than 4
feet can enter and leave its berth while a boat with a draft of 4 feet or
greate;_yould be unable to safely leave or enter its berth. The small boat
formulal/ relates these impacts to dollar values. This evaluation technique
is described below:

Small Boat Formula ~- The "small boat formula" is described as follows:
“"Boat owners are assumed to receive nonmonetary returns in the form of
boating enjoyment that would be equivalent to the rate of return on invest-
ments of comparable size in the 'for hire' boating sector and the absence of
impediments to boating." The investment upon which the calculations are made

T/ Derived from U.S. Army, Corps of Engineers, “Survey Investigation and
Reports--Benefit Evaluating and Cost Sharing for Small-Boat Harbor
Projects," EM 1120-2-113, June 11, 1959.
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is based on the depreciated value of the fleet, which is taken to be equal to
50 percent of the purchased price where:

- Average age of a boat in the fleet is n/2 (n = life of the asset); and
- Straight line depreciation is used.

These calculations are carried out for all classes of boats that are based at
the marina facilities.

- Stage-duration is a measure that relates the probability of each water level

occurring or being exceeded. Stage-duration relationships were developed for
each of the regulation plans and for the basis-of-comparison for each water
body in the study area. Each stage-duration relationship is derived from
water level data from May through September for the period 1900-1976. It is
assumed May through September, inclusive, represents the recreational boating
season throughout the study area. Though recreational boating occurs as
early as April and as late as October, many studies indicate that boating in
these months (April and October) accounts for a negligible portion of total
boating activity.

The third component, the average annual damage computation, represents
the integration of the stage-damage and stage-duration relationships. This
computation measures the damage that would be expected to occur in any one
year. Average annual damage is computed using associated stage-duration
relationships for each of the regulation plans and for the
basis-of-comparison. The difference in average annual damages under each
regulation plan and the basis-of-comparison produces the benefits or losses
associated with each regulation plan.

4,2,1 Stage-Damage Relationship

Stage-damage curves were developed using data gathered from the inven-
tory along with recreational boating data compiled by the U.S. Army Corps of
Engineers, Buffalo District. Table G-27 1ists each data input used in the
analysis and its source.

The stage-damage computations are presented by reach in Annex M.

Table G-28 jllustrates for example the computation for reach R0O03. The
inventory provided the average slip/berth depths and average mooring depths
by reach along with fleet mix distribution by reach. The number of vessels
in each class and length category are listed in descending order by required
draft. The average depreciated values are multiplied by the number of

boats within each class and the product is mulfiplied by the corresponding
average rate of return for the class of boat. 1/ This product (shown in the

I/ The tabTes containing average depreciated boat values by class and length
and rate of return schedule by class are presented in Annex L, Descriptive
Statistics.
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Table G-27 - Stage-Damage Input Data

“Data : Source

1 ; Average slip/berth and mooring ; Inventory conducted by Midwest
: depths by reach. : Research Institute (MRI), 1979.

1 2 ; Class/length fleet mix distri- ; Inventory conducted by MRI, 1979.
! : butions at slips/berths and :
: moorings by reach.

i
I 3 . Average depreciated boat value : USAED Buffalo, 19791/
) : matrix by class and length. :

2

4 : Average draft matrix by class : USAED Buffalod/
: and length. :

: 5 "Rate of Return" matrix by : Small Boat Formulas/
‘ : class. :
6 ; Growth factor matrix. ; MRI Gravity Demand Modeld/

1/ Average boat values were derived by taking an average of half the F.0.B.
prices for 1977 boats by class and length listed in the 1978 Blue Book
Trade In Guide, ABOS Marine Publications Division, and updated by price

Tevel.

2/ Average draft matrix was developed for previous Buffalo District small
boat harbor reports from Empirical data and interviews.

g 3/ Rate of return matrix was calculated using average rates of return by
‘ class used in previous Buffalo District reports under guidance from EM

’ 1120-2-113, June 11, 1959,

4/ Growth factor matrix developed by Midwest Research Institute. See
Annex 0.
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Table G-28 Stage-Damage Computation, Reach R003

, WATERWAY Detroit River

REACH RO0J BERTH/SLIP X
AVERAGt DtPTH 6.2 MOOR ING
ZERO REFERENCE WATER LEVEL b573.1 .

: :Depreciated: : Total : Cumulative : : Damage : Water
} Required: :  Value :Rate of: Return : Retur? :Avatlable: (1980) : Level

B e et

Draft : Class : Length ;Number; 1980 :Return : 1980 : valuel/ : Depth : (5000) : (I1LD)
: : (feet) : : } : : ($000) : {3000) : :
6.0 : Sail 140-68 : 0: 12,890 : .10 : 0 : ¢ : 52 :

6.0 : Aux Sail 140-64 : 56 : 58,080 : .075 : 243.8 : 243.8

we *% as

5.2 :
6.0 : Cruiser © 64 11: 250,000 : 075 : 206.3 : 450.1: 5.2 :
Other D4 . 0: 150,000 ;.10 : 0 450.1: 5.2 :

5.5 : Cruiser D 4064 ¢ 189 69,500 : .075 : 985.1: 1,435.2 i 5.2 1 1.435.2: 572.1
5.0 : Sail D26-40 ¢ 11: 7,89 .10 i 87 1,443.9. 4.2 :

S Aux Sall  :26-40 : 289 : 20,090 : 075 | 435.4 ; 1,879.3 ;4.2

33: 25,500 : .10 : B84.2: 1,963.5: 4.2

. ae we

6.0

e
e st i i ot . R <P AA b 81

ob ts oo s »

5.0

e 4s o
e 00 eu *e a4

' 5.0 : House/Pontooni 40-64
: 5.0 : Other ! 40-64 0: 34,430 :.10 : 0 : 1,93.5: 4.2 :1,963.5: 571.1
| 8.0 & sanl Pl6-26 : 56: 3,890 .0 i 2L7: 1,986.2: 3.2 . :
' 075 i 3.4 2,33.6: 3.2 :

e 0e o0 vu ee

4.0 : Aux Sail  : 16-26 : 545 : 9,500
4.0 : Cruiser :26-40 :1,268 : 24,380 : .075 :2,314.7 :  4,688.3 : 3.2

4.0 : House/Pontoon: 26-40 : 56 : 15,500 : .10 : 86.8: 4,775.1 : 3.2

4.0 : Other $26-40 : 0: 13,870 : .0 : 0 :  4,775.1 : 3.2
3.5 : Cruiser $16-26 : 311: 7,770 : .075 : 181.2 :  4,956.3 : 3.2 : 4,956.3: 570.1

] 3.0 : Cruiser i <16 i 0: 6,200 :.075 : O : 4,956.3 : 2.2 - : 3

es oo ue

3.0 : House/Pontoon: 16-26 i 0 : 3,500 :.10 i 0 i  4,956.3 : 2.2

3.0 : Other P1626 : 0 6,050 :.0 : 0 i 4,963 2.2

3.0 Infout 12640 & 78: 10,530 : 125 : 102.7 i  5,050.0 : 2.2

3.0 : Inboard D26-40 1 33: 13,530 : .10 : 446 5,109.6: 2.2

2.5 : safl Poa6 i o0 880 ;.10 : 0 : 5108.6: 2.2 ;

2.5 A Sall <6+ 0+ 1,280 :.075 : 0+ 5,108.6: 2.2

2.5 : InfOut 16-26 1,168 : 6,180 : .125 : 902.3:  6,005.9 : 2.2

2.5 : Inboard P16-26 : 89: 8,300 :.10 : 73.9: 06,009.8: 2.2 . :
2.5 : Outboard  : 40-64 i 0: 6,200 :.125 : 0 i 6,079.8: 2.2 : 6,019.8: 569.1
2.0 ¢ Inboard ©oq6 : 0+ 520 .0 i 0 i 6,009.8: L2 :
2.0 : Other POA6 + 0:F 2,9 1.0 i 0 i 6,009.8: 1.2

: ; : 5,200 :.125 : 0 i  6,009.8: 1.2

1,160 .25 § 16.1: 6,09.9: 1.2

"

s os oo

2.0 : Outboard  : 26-40 : O
1.5 : Outboard i Q6 ¢ 111
1.5 i In/Out i <16 ; 0: 3,800 : .12% : 0 ; 6,095.9 1.2
1.5 ; Outboard ; 16-26 ; 2: 3.8 ; 25 8.7 ; 6,104.6 1 1.2 6,104.6; 568, 1 i

) st

s er g0 ve oo

.
4% %4 o4 Bs B a ms 92 ee aa he

1/ Cumulative totals may not add due to rounding. ! :
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column entitled "Total Return") reflects the estimated total value of .the
boating experience for an entire boating season by class/length and reach.
The example for reach RO03 1ists a total of 67 boats (56 aux. sail: 40'-64'
and 11 cruisers: > 64') which require a draft of six feet. The total value
returned to the owners of these vessels for one season is calculated as
$450,100 ($243,800 + $206,300). In the same reach there are 189 cruisers:
‘ 40'-64' which require a draft of 5.5 feet. The total return to this
class/length is calculated to be $985,100 for the season.

! The average depth of berths/slips in reach R0O03 is 6.2 feet at the
reference water level of 573.1 IGLD. If the water level remained at 573.1 on

‘ reach R0O03 for the entire boating season, boat owners would enjoy the total
| return value of their boating experience for the season. It then follows
\ that there are no "damages" at 573.1. "Damages" for an analysis such as this
; are not physical damages. They are the value of foregone recreational
\ experiences due to insufficient depths for vessel use. If, however, the
i water level remained at 572.1 in reach RO03 (one foot lower than the
: reference water level) throughout the boating season, the average available
depth at berths/slips would only be 5.2 feet. Recreational craft berthed at
L this reach with required drafts of 5.5 and 6.0 feet would not be able to

: enter or leave their berths and damages totaling $1,435,200 would result
($450,100 + $985,100 per draft class respectively). A complete stage-damage
relationship is developed by recording the total damage that would occur at
various levels below the reference water level. Table G-29 provides a sum-
mary of stage-damage relationships for each reach.

4.2.2 Stage-Duration Relationship

The stage-damage curve developed in the previous section is a static
relationship. The example used in the previous section illustrates the total
damages that would occur if the water level remained constant for an entire
recreational boating season. Of course, this is an unrealistic situation in
that water levels are fluctuating continuously. This section relates this
phenomenon and aiddresses water levels as a dynamic variable. Stage-duration
curves, displaying the likelihood of equaling or exceeding a given level for
each reach, were developed for each of the regulation plans and the basis-of-
comparison.

Monthly mean water levels were obtained for the recreational boating
season (May through September) for the period 1900-1976 under basis-of-
comparison, and 6L, 155 and 25N regulation plans. Levels were ranked from
highest to lowest and assigned a probability based on the percent of time
each level was equalled or exceeded during the period of record. Stage-dura-
tion curves derived for Lake Erie which compare the basis-of-comparison vs.
the regulation plans are illustrated in Figures G-8, G-9, and G-10. A oy
complete listing of stage-duration data used in the evaluation are presented e
in Annex N, entitled Stage-Duration Data.

4,2.3 Average Annual Damage Computation

Average annual damage is the measure of damages to recreational boating
that on average can be expected to occur in any year. It -is calculated by
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combining the stage-damage relationship by reach with the stage-duration
relationship by regulation plan and reach. This is the damage corresponding
to each water level weighted by the percent chance of each water level
occurring. (Thus, the damage associated with a rarely occurring water level
is weighted less.) The sum of the weighted damages represents the expected
annual damage to recreational boating. This is accomplished utilizing the
general ized computer program, Expected Annual Flood Computation,
761-X6-L7580, June 1977, developga by the Hydrologfc Engineering Center
(HEC), Davis, CA. Existing average annual damages by plan and reach are pre-
sented in Tables G~-30, G-31, and G-32.

The stage-damage relationship presented in Section 4.2.1 represents
damages to recreational boating based on existing facilities utilization
(1980). The demand for berth/slips and moorings at existing commercial faci-
lTities within the study area is projected to increase in the future. It
follows that damages to recreational boating would increase in future years.
Future utilization is determined using a gravity demand analysis. The grav-
ity model is calibrated around the present supply of commercial marina slips
for each reach. The inputs include population forecasts, growth in boat
registration, distance from market areas to the marina facilities in the
reaches, market penetration rates, and moorage capacity in the reaches. The
increase in damages is projected by reach and decade for the 50-year project
evaluation period. Dam<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>